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(54) Bone fixing device 

(57) Bone fixing device comprising a surgical cable 
having a first and a second end and at least two fixing 
plates having a central hole and a ring surrounding the 
hole, the ring having an inner edge adjacent to the hole 
and an outer edge along a circumference of the fixing 
plate, the two fixing plates being in a stacked position 
leaving a gap between them and the holes at least partly 
overlapping each other, at least one end of the cable 



following a continuous trajectory comprising a first up- 
ward part (a) running through the hole, an outward part 
(b) running over one ring in the direction of its outer 
edge, a downward part (c) outside the outer edge run- 
ning in a direction opposite to the upward part, a second 
upward part (d) running through the hole in the first di- 
rection and a part (e) running through the gap between 
the fixing plates, the other end also being connected to 
the fixing plates. 
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Description 

[0001] The invention relates to a method for fixing 
bone parts by means of a surgical cable. 
[0002] In modern surgery on many occasions there is s 
a need for immobilizing bone parts that have been sep- 
arated in the course of an operation and have to grow 
together again or to keep a bone part at a fixed and con- 
stant distance and position with respect to another bone 
part or an orthopedic device such as a splint, further de- io 
noted as fixing bone parts. Also in the treatment of bone 
fractures this need for fixing bone parts that came apart 
is required for at least the time needed to have the body 
repair the fracture or for longer times, in many cases 
even for years. 15 
[0003] It is known to wrap a steel cable around the 
bone parts to be fixed, to bring the cable under the re- 
quired tension to fix the parts against relative move- 
ment, e.g. under load, and to leave it in place at least 
until the bone parts have grown together and the bone 20 
has recovered sufficiently to take up its proper function 
again, or even permanently to avoid a further operation 
to remove the cable. The cable is tensioned and fixed 
by guiding its ends from opposite sides through holes in 
a metal block, tensioning the cable by exerting a drawing 25 
force on the ends and pinching the metal block such that 
the holes collapse and fix the cable. 
[0004] The use of steel cables brings about a number 
of disadvantages. They are prone to fatigue leading to 
breakage of the composing steel fibres after which the 30 
sharp ends stick out into the body. Breakage of the fibers 
during their application by a surgeon brings the risk of 
stitching and possible blood contact. Further, steel is a 
hard material and being tensioned around the bone 
there is the risk of carving of the steel cable into the 
bone. 

[0005] US Patent 5,540,703 teaches to use instead of 
a metal cable a braided polymeric material cable and to 
lock the tightened and tensioned cable with non-loosen- 
ing knots, in order to overcome certain disadvantages 
of metal cables. High performance, i.e. high strength, 
high modulus, polyethylene in particular is applied as 
the polymeric material. Fibers of this type, however, are 
notorious for their difficulty to be fixed by knots, clamps 
or other means when they are under tension. 
[0006] The present invention now seeks to provide a 
method and means for fixing bone parts by means of a 
surgical cable of a polymeric material that do not suffer 
from the disadvantages of the known means and cope 
with the fixing difficulties related to the application of ten- 
sioned high performance fibers. 
[0007] This goal is achieved according to the inven- 
tion by providing a bone fixing device comprising a sur- 
gical cable having a first and a second end and at least 
two fixing plates having a central hole and a ring sur- 
rounding the hole, the ring having an inner edge adja- 
cent to the hole and an outer edge along a circumfer- 
ence of the fixing plate, the two fixing plates being in a 



stacked position leaving a gap between them and the 
holes at least partly overlapping each other, at least one 
end of the cable following a continuous trajectory com- 
prising a first upward part (a) running through the hole, 
an outward part (b) running over one ring in the direction 
of its outer edge, a downward part (c) outside the outer 
edge running in a direction opposite to the upward part, 
a second upward part (d) running through the hole in the 
first direction and a part (e) running through the.gap be- 
tween the fixing plates, the other end also being con- 
nected to the fixing plates. 

[0008] The novel fixing device can be easily applied - 
to keep in place bone parts by applying the cable around 
the parts to be fixed and drawing the ends of the cable 
that at the end of the trajectory specified thrust out of 
the fixing plates. It takes a relatively small force tension 
the cable by drawing the two ends, which at the same 
time enlarges the clamping force of the two plates on 
the cable part that runs between the rings of the plates. 
This clamping, fixing force has appeared considerably 
larger than the force exerted by the tension in the cable. 
[0009] In the method according to the invention af iber 
surgical cable having two ends is applied. The fiber is a 
high performance fiber, preferably a polyethylene fiber 
having a tensile strength of at least 1 .8 GPa and a mod- 
ulus of at least 60 GPa. Examples of such fibers are var- 
ious Dyneema grades of DSM High Performance Fibers 
and various Spectra grades of Honeywell Inc. These fib- 
ers have been prepared from high molecular weight pol- 
yethylene, in particular polyethylene heaving a weight 
average molecular weight of at least 2,000,000. 
[0010] In particular the cable is a bundle of parallel, 
twisted or braided fibers of the type described above. It 
may also be a high performance tape having the re- 
quired strength and modulus. The tape may be a single 
tape or it may be in the form of a flat braid of high per- 
formance fibers. Twisting and braiding are commonly 
applied techniques in cable production and cables ob- 
tained by these common techniques are applicable in 
the device according to the invention. It should be noted 
that in constructions of these fibers, e.g. in braids and 
twisted bundles an efficiency loss occurs, i.e. that the 
resulting strength of the construction is lower that then 
the sum of the strengths of the constituting fibers. The 
efficiency depends on the used braid construction, 
braiding period and braiders. Braid efficiency may range 
from 30-70%. Starting from the required strength of the 
cable in each case the proper combination of initial fiber 
strength, cable thickness and cable construction can be 
chosen to obtain a cable having at least that required 
strength. The forces required to fix bone parts generally 
range from 500 to 3000 N, depending on the size of the 
bones to be fixed and the forces exerted on the bone 
parts. Forsmall bones, like infingers, smallerforces and 
thicknesses may be relevant. In general the total thick- 
ness of the cable will range from 500 to 30,000 dtex. 
[0011] The cable must be suited to be positioned 
around the bone parts and has an oblong shape; in par- 
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ticular the cable is a bundle of parallel, twisted or braided 
fibers of a length that is sufficient to be laid around the 
bone parts to be fixed and to be tensioned. 
[0012] The cable in the described shape of a bundle 
of fibers has two ends. These ends normally will have 
been treated to prevent unraveling orspiitting of the bun- 
dle. The ends can e.g. have been treated with a sub- 
stance gluing together the fibers, have been molten to- 
gether or otherwise be prevented from unraveling. In 
this embodiment the last few centimeters of the bundle 
to the ends form the end parts. In certain embodiments 
of the invention one end of the fiber may have been 
formed into an eye by splicing the end back into the bun- 
dle. 

[0013] The device comprises two fixing plates. Here 
and hereafter a fixing plate is understood to be a flat or 
slightly curved piece of a material that can withstand the 
tensile forces specified herein before that are required 
in bone fixing and is biocompatible. Examples of suita- 
ble materials are reinforced thermoset resins, metals 
and ceramic material. A material is considered biocom- 
patible if it is tolerated when implanted into the human 
or animal body without causing pain, inflammation, irri- 
tation, and poisoning or other unwanted effects to the 
human and animal body. 

[0014] The fixing plate mainly is flat but it may be 
slightly curved to be in conformity to the bone part it will 
be in contact with. 

[001 5] Each fixing plate comprises a central hole and 
a ring surrounding the hole. The central hole preferably 
encompasses the center of the fixing plate but this cent- 
er is not necessarily the center of the hole. The hole may 
be circular, oval, square or rectangular or any other reg- 
ular shape. The same holds for the outer circumference 
of the ring surrounding the hole. The shape of the hole 
and of the outer circumference may be the same or dif- 
ferent. An elongated shape is preferred since this ap- 
pears to lead to an orientation of the rings in which the 
longer part lies in the direction of the cable. This results 
in a smooth-shaped construction and also the cable is 
clamped over the largest possible area, giving an opti- 
mal clamping force. The ring has an inner edge adjacent 
to the hole and an outer edge forming the outer circum- 
ference of the ring. Preferably the edges are rounded in 
order to prevent cutting or stitching effects to the sur- 
rounding tissues after being applied into a human or an- 
imal body and to prevent total or partial cutting of the 
surgical cable both during application and afterwards. 
[001 6] The size of the fixing plates is chosen to match 
both the strength requirements and the size require- 
ments set by the size and shape of the bone part it will 
be applied to. The ratio of the largest dimension of the 
hole and the largest width of the ring, i.e. the distance 
between the inner and the outer edge of the ring may 
vary over a large range and may lie between 0.3 and 
0.9. Generally the thickness will be in the range from 0.5 
to 4 mm and the largest dimension of the ring will be in 
the range of 4 to 30 mm. Thus the fixing plates may have 



the shape of a chain link on the one end of the scale, in 
which the hole is relatively large and the ring has a rel- 
atively large thickness to width ratio, to the shape of a 
washer on the other end of the scale, in which the hole 

s is relatively small and the ring has a relatively small 
thickness-to-width ratio. Preferably the thickness of the 
plates is not larger than 0.5 times to even lower than 0.1 
times the largest width of the ring in order to provide a 
stable positioning of the plates on top of one another 

10 [0017] The two fixing plates are in a stacked position, 
leaving a gap between them. The width of this gap ini- 
tially will be about the thickness of the surgical cable. 
After the cable has been tensioned the fixing plate will 
be pressed together by the forces exerted fortensioning 

15 thus preventing the cable form slipping loose. 

[0018] The holes at least partly overlap each other 
when the plates are stacked in a centered manner. Pref- 
erably the two plates are of equal shape and size at least 
with respect to the parts clamping the cable and also 

20 preferably the holes have the same size and position 
within the plate. 

[0019] The two plates are connected to the cable in a 
specific way, resulting in a device that can be easily ten- 
sioned and in a tensioned state is capable to retain the 

25 tension without the cable sliding back. To achieve this 
at least one end of the cable has to follow a continuous 
trajectory comprising a first upward part (a) running 
through the hole, an outward part (b) running over one 
ring in the direction of its outer edge, a downward part 

30 (c) outside the outer edge running in a direction opposite 
to the upward part, a second upward part (d) running 
through the hole in the first direction and a part (e) run- 
ning through the gap between the fixing plates, the other 
end also being connected to the fixing pistes. 

35 [0020] In a first preferred embodiment part (c) is con- 
nected to part (d) through an inward part (f) running un- 
derneath the other ring and part (d) is immediately con- 
nected to part (e) running through the gap between the 
fixing plates in an outward direction. 

40 [0021] In a second preferred embodiment the trajec- 
tory parts are in the order (a), (b), (c), (e), (d), followed 
by a second outward part (g) running underneath the 
other fixing plate. 

[0022] In general both ends of the cable may follow 
45 one of the trajectories, the two trajectories being the 
same or different. 

[0023] If an even higher clamping force is preferred 
an extra loop may precede the defined trajectory, the 
extra loop running upwardly through the holes and 

50 downwardly along the outer edges of the rings back to 
the holes after which the defined trajectory starts. 
[0024] Since the clamping force to a certain extent 
may hamper further tensioning the cable by the pulling 
of the ends of the cable in a preferred embodiment only 

55 one end of the cable follows the defined trajectory 
whereas the other end is connected to a tensioning de- 
vice connected to the fixing plates. Thus after maximally 
tensioning the cable by drawing the one cable end a f ur- 
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ther tensioning can be obtained by operating the ten- 
sioning device. Such tensioning device may comprise a 
mechanism as used in a turn buckle, a worm wheel and 
driving screw combination or two cooperating 45 ° tooth 
wheels rotating around mutually perpendicular axes or 
even a simple screw, screwed in the tensioning device 
and ending in a hook that can be connected to the other 
end of the cable by a knot or hooking to an eye at that 
end. These tensioning devices can be connected to the 
cable in such a way that only a drawing force is exerted 
on the cable, resulting in its shortening and tensioning 
but also in such a way that, instead of or next to the 
drawing force, also a twisting force is exerted the cable, 
also resulting in f urthertensioning the cable. When such 
a device is used the other end of the cable may be knot- 
ted to e.g. a hook of the tensioning device but preferably 
the other end of the cable contains an eye made e.g. by 
a split or any other non-slipping means for connecting it 
to the tensioning device. 

The invention further relates to a method for fixing bone 
parts comprising the steps of applying a bone fixing de- 
vice wherein the two cable ends follow a trajectory as 
described here before around the bone parts to be fixed, 
followed by drawing the ends of the cable to tension the 
cable around the bone parts to the tension required to 
fix the bone parts. 

[0025] In a preferred embodiment of this method a bar 
is inserted between the fixing plates before the cable is 
tensioned and is removed after the cable has been ten- 
sioned. This embodiment has the advantage that the 
clamping force only works after the bar has been re- 
moved and is not hampering the tensioning of the cable 
before. The thickness of the bar can be small but to have 
the full benefit of its presence it is preferably at least 
equal to the thickness of the cable. Since the removal 
of the bar may lead to a minimal elongation of the ten- 
sioned part of the cable the bar should be thin , prefera- 
bly no more than 1 0 and more preferably no more than 
5 or even 2 mm. 

[0026] In another embodiment the invention relates to 
a method for fixing bone parts comprising the steps of 
applying around the bone parts to be fixed a bone fixing 
device wherein one end of.the cable follows a trajectory 
as described here before and the other end is fixed to a 
tensioning device that is connected to the fixing rings 5, 
followed by drawing said one end of the cable to tension 
the cable around the bone, removing the slack in the 
cable, and then tensioning the cable to the tension re- 
quired to fix the bone parts by operating the tensioning 
device. 

[0027] From the drawings the information can be tak- 
en as how to lead the cable along the proper trajectory 
around the fixing plates. 

The various embodiments and methods described are 
not only suitable for the fixing of bone parts but they are 
also useful for the connection of bones to artificial ele- 
ments providing some orthotic function, e.g. a splint. 
[0028] The invention will be further illustrated by the 



following drawings, of which Fig. 1 is a schematic side 
view of a first embodiment of the bone-fixing device ac- 
cording to the invention; 
Fig. 2 is a top view of said first embodiment; 
5 Fig. 3 is a schematic side view of the first embodiment 
in the tensioned state. 

Fig. 4 is a schematic side view of a second embodiment 

of such a bone-fixing device; 

Fig. 5 is a schematic side view of a third embodiment of 

10 such a bone-fixing device; and 

Fig. 6 is a top view of said third embodiment. 
[0029] In Fig. 1 the numbers 2 and 4 denote round 
fixing plates having a hole 6 resp. 8 surrounded by a 
ring 10 resp. 12.. Between the fixing plates a removable 

15 bar 14 is present. Cable 16 surrounds bone parts 17 
( not fully shown). One end of cable 16 runs along the 
trajectory in which parts (a) to (f) are distinguished. 
Herein part (a) runs upward from below through the 
holes 8 and 6, then bends to the right in an outward di- 

20 rection and runs as part (b) along the upper surface 1 8 
of the ring 1 0 to the outer edge thereof, where it bends 
downward to run as part (c) along the outer circumfer- 
ence 20 and 22 of the rings 1 0 and 1 2. The cable then 
bends to the left in an inward direction and runs as part 

25 (f) along the lower surface 24 of ring 1 2 to the inner edge 
of this ring, where it bends upward to run as part (d) 
through hole 8 in plate 4. Finally the cable runs as part 
(e) through the gap 26 in outward direction bringing end 
28 out of the gap. The other end of cable 16 follows a 

30 similar trajectory but reversed with respect to center of 
the holes. The ends 28 and 30 can be grabbed and han- 
dled to be drawn and tension the cable 1 6 around bone 
parts to keep these fixed with respect to each other. Bar 
14 prevents the cable from being clamped already and 

35 hampering the tensioning of cable 16. 

[0030] In Fig 2. a top view of the embodiment of Fig. 
1 is shown. Bar 1 4 can be seen through hole 6 in plate 2. 
[0031] In Fig. 3 bar 14 has been removed and the 
plates are pressed together by the cable surrounding 

40 the plates. The cable is secured from slipping back by 
the pressure exerted by the plates on the cable at (e), 
gap 26 being closed now. In Fig. 4 the same two plates 
in the same relative configuration as in Fig. 1 are 
present. 

45 [0032] In Fig. 4 the numbers of corresponding items 
have been raised by 400, so 402 is the same item as 2 
in Fig. 1 etc. One end of cable 416 runs along the tra- 
jectory in which parts (a) to (g) ((f) excluded) can be dis- 
tinguished. Herein part (a) runs upward from below 

so through the holes 408 and 406, then bends to the right 
in an outward direction and runs as part (b) along the 
upper surface 418 of the ring 410 to the outer edge 
thereof, where it bends downward to run as part (c) 
along the outer circumference 420 of ring 41 0. The cable 

55 then bends to the left in an inward direction and runs as 
part (e) through the gap 426 until it reaches the part of 
the gap between the holes where it bends downward to 
run as part (d) through hole 408 in plate 404. Finally the 
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cable runs as part (g) in outward direction underneath 
lower surface 424 of ring 404 bringing end 428 out of 
the gap. The other end of cable 416 follows a similar 
trajectory but reversed with respect to center of the 
holes. The ends 428 and 430 can be grabbed and han- 
dled to be drawn and tension the cable 41 6 around bone 
parts 41 7 to keep these fixed with respect to each other. 
Bar 14 prevents the cable from being clamped already 
and hampering the tensioning of cable 16. 
[0033] In Fig. 5 502 and 504 are two asymmetric f ixing 
plates having holes 506 and 508 respectivelyThe ring 
around each hole has a first part 510 resp. 512 the sur- 
face area of which is large enough to give sufficient 
clamping force on a cable following a trajectory as de- 
scribed before. In this Fig. 5 one end of the cable follows 
the trajectory described under Fig. 1. The part 532 resp. 
534 of the rings at the opposite side of the hole with re- 
spect to the first part is smaller that the first part. A ten- 
sioning device 536 consists of a first part 538 in which 
a longitudinal bore is present provided with internal 
screw thread in which a hook 540 is mounted. The other 
end 530 of the cable has an eye 546 to which the hook 
540 has been attached. The tensioning device 536 fur- 
ther consists of a second part that consists essentially 
of a recess 542 extending from about the center of the 
device to its end opposite of the side where the bore is 
present and extending over its full width. The recess 
ends at a wall 544. the thickness of this wall is such that 
it fits in the hole of the plates, leaving sufficient room for 
the cable to be guided through the holes along the 
clamping trajectory.. Lower plate 504 forms part of the 
tensioning device. Plate 502 can move upward and 
downward with respect to plate 504. The bottom 544 of 
recess 542 is at the same level as the surface of plate 
504. This allows ring 510 to be in contact over its com- 
plete surface area with ring part 512 of the lower plate 
when plate 502 is pressed downward when drawing on 
cable end 528 tensions the cable. Plate 502 is mounted 
on the tensioning device such that the wall 544 extends 
through hole 506. Turning hook 540 in a counter clock- 
wise direction tensions the cable further. 
[0034] Further, also in this embodiment a bar can be 
inserted between the rings during the tensioning and 
then removed when the desired tension is applied. 
[0035] In Fig. 6 in hole 606 of top plate 602 the top of 
wall 644 sticking through said hole, is visible. Cable end 
630 with eye 646 is connected to hook 640. 



Claims 

1 . Bone fixing device comprising a surgical cable hav- 
ing a first and a second end and at least two fixing 
plates having a central hole and a ring surrounding 
the hole, the ring having an inner edge adjacent to 
the hole and an outer edge along a circumference 
of the fixing plate, the two fixing plates being in a 
stacked position leaving a gap between them and 



the holes at least partly overlapping each other, at 
least one end of the cable following a continuous 
trajectory comprising a first upward part (a) running 
through the hole, an outward part (b) running over . 

5 one ring in the direction of its outer edge, a down- 
ward part (c) outside the outer edge running in a 
direction opposite to the upward part, a second up- 
ward part (d) running through the hole in the first 
direction and a part (e) running through the gap be- 

10 tween the fixing plates, the other end also being 
connected to the fixing plates. 

2. Device according to claim 1 , wherein part (c) is con- 
nected to part (d) through an inward part (f) running 

15 . underneath the other ring and part (d) is immediate- 
ly connected to part (e) running through the gap be- 
tween the fixing plates in an outward direction. . 

3. Device according to claim 1 , wherein the trajectory 
20 parts are in the order (a), (b), (c), (e), (d), followed 

by a second outward part (g) running underneath 
the other fixing plate. 

4. Device according to claims 1 -3, wherein the other 
25 end of the cable also follows one of said trajectories. 

5. Device according to claim 1-3, wherein the other 
end is fixed to a tensioning device that is connected 
to the fixing rings. 

30 

6. Method for fixing bone parts comprising the steps 
of applying a bone fixing device according to claims 
1 to 4 around the bone parts to be fixed, followed 
by drawing the ends of the cable to tension the cable 

35 around the bone parts to the tension required to fix 
the bone parts. 

7. Method according to claim 6, wherein a bar is in- 
serted between the fixing plates before the cable is 

40 tensioned and removed after the cable has been 
tensioned. 

8. Method for fixing bone parts comprising the steps 
of applying a bone fixing device according to claim 

45 5 around the bone parts to be fixed, followed by 
drawing said one end of the cable to tension the ca- 
ble around the bone and then tensioning the cable 
to the tension required to fix the bone parts by 
means of the tensioning device. 

50 
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